Abstract-The composition and spatial pattern of agricultural non-point source (NPS) pollution was studied in Liaohe River
INTRODUCTION
The main NPS pollution in Liaohe River is agricultural NPS pollution, and most NPS pollution happens in the middle Liaohe River basin within Liaoning province, according to NPS pollution investigation for grade A areas in national water resource comprehensive planning [1] . As the natural conditions and social economical conditions vary in the basin area, the composition and spatial distribution of pollution differ. It is necessary to carry out further study on agricultural NPS pollution in Liaohe River basin, especially on its compositions and spatial pattern.
The export coefficient model is an empirical model [2] [3] [4] , and depends less on experiments and relevant information on erosion, pollutant migration and transformation. As a black box method, it can utilize the easily obtained information on land use status, fertilization, and population to estimate precisely, to some extent, the output of basin pollution, avoiding the complexity from NPS pollution process. It is widely used as a feasible method for long-term study on NPS pollution on middle and large basins [5] [6] [7] [8] [9] [10] .
In this paper, the export coefficient method was utilized to estimate the agricultural NPS pollution loading of Liaohe river basin, and GIS spatial analysis methods were utilized to analyze the spatial distribution characteristics of the pollution loading. The pollutant source types studied included rural life, farmland runoff and livestock. 
II. MATERIALS AND METHODS

A. Study Area
The Liaohe River mainstream is 512 Km long, running through Liaoning province, China, and the basin area is 69,100 Km 2 . The terrain of the basin declines from northeast to southwest, with its northeastern part being hilly and its central and southern parts being flat. The basin belongs to a temperate monsoon climate, with the annual precipitation varying from 350mm to 1000mm, 65% of which occurs 
B. Methods
The formula for agricultural NPS pollution from Export Coefficient method is
where L represents the nutrition loss, Ei represents the export coefficient of nutrition source i which is the nutrition delivery ratio for each type of pollution source (e.g. farmland, livestock or population), Ai represents the area of land use type i, quantity of livestock type i or population number, and Ii represents nutrition production of unit pollution source type i, i.e. pollution source intensity coefficient or pollutant generating coefficient.
We obtained the relevant data of 2007 on population, livestock and farmland of every district or county in the study area from Liaoning Statistical Yearbook of 2008 [11] . COD and ammonia nitrogen were selected as the main pollutants. By referring to relevant literatures and taking into account the natural and economical conditions of the river basin, we determined the export coefficients and pollutant generating coefficients of COD and ammonia nitrogen generated from rural life, livestock and farmland runoffs respectively.
We analyzed the NPS pollutant composition in the study area by calculating the contribution of main pollutants from different pollution source, which were determined through calculating annual COD and ammonia nitrogen export loadings from rural life, livestock and farmland runoff. The basin is divided into six sub-basins according to its natural characteristics which are Liaohe River stem upstream, Liaohe River stem downstream, Hunhe River upstream, Hunhe River downstream, Taizihe sub-basin and Daliaohe sub-basin. We calculated the pollutant loading and loading intensity for each of them and analyzed the agricultural NPS pollution spatial variability of basin in the GIS spatial analysis model.
III. RESULTS AND DISCUSSION
A. Determination of main pollutant export coefficients for agricultural NPS pollution in Liaohe River Basin 1 ) The export coefficients of pollutants from rural life
The rural life pollutant generating coefficients were determined as 16.4 gram per person per day for COD and 4.0 gram per person per day for ammonia nitrogen, based on Technical Outline for Preparation of "National Drinking Water Source Protection Plan" [12] . There are no sewage treatment facilities in the rural areas, thus the export coefficient was determined as 1 (Table 1) . Table 2 ). The export coefficient for the NPS pollution in Liaohe River basin was determined as 0.58, which is the smallest experiment value in Hao's work in the same area (see Table 3 ) [1] . 3) The export coefficients of pollutants from livestock As there is almost no sewage treatment facility in the study area, the pollutant generating coefficients of livestock was estimated as those of scattered livestock. The local farmers take the livestock emissions as manure, therefore the pollutant export was calculated as 12% of the emissions generated, according to COD loading sour generated by (see Table 5 ) and runoffs an n in Fig 3, The pollutio he basin's area ensity and ind ading intensit nd could be u auses of agricu
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